Introduction
coding RNA molecules at length about 19 to 24 nucleotides, have established their value into multiple pathological processes, including cell proliferation, cell apoptosis and cell differentiation, through the post-transcriptional regulation of genes expression (6) (7) (8) . Accumulating evidences disclose that several miRNAs act as important biomarkers for the diagnosis and prognosis of various cancers, such as NSCLC, pancreatic cancer and colorectal cancer (9) (10) (11) .
MiR-34 family consists of three members, including miR-34a with own coding transcript (sited on chromosome 1), and miR-34b/c with a shared primary transcript (sited on chromosome 11) (12) . Dysregulated expressions of miR-34 are observed in some carcinomas, such as colorectal cancer, breast cancer or even lung cancer (13) (14) (15) . Particularly, aberrant miR-34b/c expressions have been reported to involve into the prognosis of small cell lung cancer (SCLC) and it could be a potential therapeutic target in SCLC patients (16) . However, little is known about the effects of miR-34 expression in NSCLC. Therefore, the purpose of this study was to evaluate the association of plasma miR34a/b/c expressions with the clinicopathological properties and the prognosis in NSCLC patients.
Methods

Participants
A total of 196 NSCLC patients were enrolled from 2010/04/01 to 2012/03/31 at the Department of Thoracic Surgery, The Central Hospital of Wuhan, Tongji Medical College, Huazhong University of Science and Technology. All patients received a complete resection and didn't receive any preoperative adjuvant therapy as well as underwent thoracic surgery with age above 18 years, and the diagnosis of NSCLC was determined according to clinical features, radiological examination and pathological confirmation. Patients with other tumor history or malignant hematological disease history, or complicated with other lung diseases such as chronic obstructive pulmonary disease (COPD), lung infection and so on were excluded. All patients provided written informed consents and this study was approved by the Ethics Committee of The Central Hospital of Wuhan, Tongji Medical College, Huazhong University of Science and Technology (No. 20100213015) and was consistent with the principles outlined in the Declaration of Helsinki.
Samples
Plasma samples were collected from all patients post surgery and before any other treatments performed including chemotherapy, radiotherapy, immunotherapy and so on. Tissue samples from the tumoral area were also obtained during the surgery.
RNA extraction and real-time PCR
Total RNA was extracted from plasma and tissue samples by Trizol Reagent (Takara, Japan), and evaluated by the spectrophotometer for concentration and purity of the RNA. RNA was subsequently subjected to reverse transcription with the PrimeScript real-time reagent kit (Takara, Japan) and quantitative analysis of miR-34a/b/c expressions were detected by SYBR Premix Ex Taq  TM II (Takara, Japan). All determination was carried out according to the instructions of manufacturers. Levels of miR-34/a/b/c expression were subsequently calculated utilizing the 2 −ΔΔCt method and U6 was served as the internal reference.
Assessments and follow-ups
Demographic, pathological and clinical features were collected for all patients. All tumours were staged in accordance with the 7th edition of the American Joint Committee on Cancer (AJCC) cancer staging manual. The last follow-up date was 2016/08/31, and the median follow-up time was 56 months. OS and disease-free survival (DFS) were defined from the surgery to time of death from any cause and time of documented local or distant recurrence of initial cancer, respectively.
Statistics
Statistics was performed using SPSS 22.0 (IBM, USA) and 2010 office software (Microsoft, USA). Data was shown as mean value ± standard deviation, median value (25th-75th quarter), or counts (with or without percentage).
Comparison was determined by Wilcoxon rank sum test or Kruskal-Wallis H rank sum test. Kaplan-Meier curves were drawn for DFS and OS, and compared by log-rank test. P≤0.05 was considered as statistically significant.
Results
Characteristics
Median value of age was 58.0 (range, 27.0-82.0) years in a total of 196 NSCLC patients, the numbers of male and female were 118 and 78, respectively ( Table 1 .
Correlation between miR-34a/b/c expressions in plasma and in tumor tissues
Correlation between miR-34a/b/c expressions in plasma and tumor tissues was analyzed in Figure 1 . MiR-34a and miR-34c levels in plasma were positively associated with that in tumor tissues (P<0.001 and P=0.001, respectively). However, no correlation of miR-34b in plasma with that in tumor tissues was found in this study (P=0.068). These indicated that miR-34a/c expressions have great consistency between plasma and tumor tissues.
Comparison of plasma miR-34a/b/c expressions between subgroups divided by clinicopathological features
Wilcoxon rank sum test or Kruskal-Wallis H rank sum test were used to compare plasma miR-34a/b/c expressions between subgroups divided by clinicopathological features ( Table 2) . Plasma miR-34a expression was negatively correlated with lymph node metastasis (P=0.002). Possible correlations of plasma miR-34a with TNM stage (P=0.068), plasma miR-34b with lymph node metastasis (P=0.054) and plasma miR-34c with histology (P=0.064) were found but without statistical significance. No difference of plasma miR-34a/b/c expressions between subgroups divided by other clinicopathological features was observed in Table 2 .
Comparison of tumor tissue miR-34a/b/c expressions between subgroups divided by clinicopathological features
In terms of tumor tissue sample, miR-34a expression was negatively associated with lymph node metastasis (P=0.018) ( Table 3) . MiR-34a expression seemed to be negatively correlated with TNM stage (P=0.096), and miR-34c expression was likely to be associated with age (≥60 years) (P=0.092), gender (female) (P=0.064), negative lymph node metastasis (P=0.097) but without statistical significance. No difference of plasma miR-34a/b/c expressions between subgroups divided by other clinicopathological features was presented in Table 3 .
Association of plasma and tumor tissue miR-34a/b/c levels with DFS and OS
In the current study, we divided all patients into patients with miRNA-34a/b/c high expression and patients with miRNA34a/b/c low expression subgroups based on their median value. Among these, plasma miR-34a high expression and miR-34a low expression were divided by the median value of 0.632, plasma miR-34b high expression and low expression were divided by the median value of 0.786, and plasma miR-34c high expression and low expression were divided by the median value of 0.342. As to tumor tissue, miR-34a high expression and low expression were divided by the median value of 1.323, tissue miR-34b high expression and low expression were divided by the median value of 0.786, and tissue miR-34c high expression and low expression were divided by the median value of 0.682. Kaplan-Meier curves suggested that plasma miR-34a (P=0.011, Figure 2A ) and miR-34c (P=0.038, Figure 2B ) high expression were correlated with prolonged DFS compared to low expression.
Regarding tumor tissue, worse DFS was observed in patients with miR-34a (P=0.002, Figure 2C ) low expression compared with high expression. Similarly, low miR-34c expression was correlated with shorter DFS (P=0.032, Figure 2D ), while there was no difference of miR-34b high and low expression with DFS in plasma sample (P=0.302, Figure 2E ) and tissue sample (P=0.134, Figure 2F ). In addition, NSCLC patients with high expression of plasma miR-34a (P=0.011, Figure3A) or plasma miR-34c (P=0.064, Figure 3B ) were observed in longer OS than that with low expression . Furthermore, tissue miR-34a (P<0.001, Figure 3C ) and miR-34c (P=0.003, Figure 3D ) higher expressions were correlated with longer OS. However, miR-34b high expression on OS was not different in low expression in both plasma sample (P=0.199, Figure 3E ) and tissue sample (P=0.109, Figure 3F ). Therefore, these results suggested that tumor tissue miR-34 expression was of better value in predicting prognosis compared with plasma expression, while the plasma miR-34a and miR-34c expression may be regarded as less invasive biomarkers for survival in some extent.
Cox regression analysis of the factors affecting DFS
All factors affecting DFS in NSCLC patients were analysed in univariate Cox proportional hazard regression, as presented in Table 4 , which suggested that plasma miR-34a high expression (P=0.013), plasma miR-34c high expression (P=0.042), tissue miR-34a high expression (P=0.002) and tissue miR-34c high expression (P=0.036) were correlated with better DFS, while poor differentiation (P=0.001), tumor size ≥5 cm (0.024), lymph node metastasis (P≤0.001) and TNM stage (P=0.002) were negatively associate with DFS. Multivariate analysis was performed to further evaluate all factors with a P value <0.1 in univariate analysis. Tissue miR-34a high expression (P=0.050) was an independent predictive role in better DFS, while poor differentiation (P=0.002) and lymph node metastasis (P<0.001) could independently predict worse DFS in NSCLC patients.
Cox regression analysis of the factors affecting OS
Univariate analysis was used to analyze the factors affecting OS in NSCLC patients, which disclosed that plasma miR-34a high expression (P=0.013), tissue 
s s o c i a t e d w i t h O S (Ta b l e 5 ) .
A l l f a c t o r s w i t h a P value <0.1 were subsequently evaluated with multivariate analysis. Tissue miR-34a high expression (P=0.002) and tissue miR-34c high expression (P=0.007) could independently predict better OS, while poor differentiation (P=0.008) and lymph node metastasis (P<0.001) could be independently risk factors of OS in patients with NSCLC.
Discussion
In the present study, we found that miR-34a/c expressions in the plasma were positively correlated with that in tumor tissue. Meanwhile, the plasma miR-34a expression and tumor tissue miR-34c expression were inversely associated with lymph node metastasis. Furthermore, miR-34a/c high expression in plasma and tumor tissue were both correlated with prolonged survival. NSCLC, a heterogeneous disease with high morbidity and mortality (17) , has been identified to arise from cancer cell proliferation and tumor capillaries development by multiple molecular abnormalities (18) , such as anaplastic lymphoma kinase (ALK) gene abnormality through the produce of echinoderm microtubule associated protein like-4 gene-ALK (EML4-ALK) fusion transcript (19) , and the epidermal growth factor receptor (EGFR) mutation, such as insertion mutations in exon 20 as well as exon 21, and so on (17, 20) . MiRNAs, as a single-stranded RNAs, inhibited the target genes and protein expression by binding to the 3'-untranslated regions (3'-UTRs) directly (21) . A large amount of evidence has been identified that aberrant miRNAs expressions play critical roles in tumorigenesis, affecting the prognosis of cancer (6) . For example, microRNA-520e regulate the target Zbtb7a-mediated Wnt signalling pathway, leading to the suppression of NSCLC cell growth (22) . Additionally, endogenous miR-424 low expression serves as an effective repressor in NSCLC through the suppression of tumor cell proliferation and G1 to S phase cell-cycle transition (23) . Therefore, several miRNAs have been identified to be associated with the pathologic process of NSCLC.
The homology of miR-34 family is located in 2-9 base pairs towards the 5' terminus of the mature miRNA sequence (12) . Although miRNAs usually appear abnormal expression in tumor tissue sample, miRNAs expression in blood also dysregulated gradually, which could follow with Accumulating DFS rate Accumulating DFS rate Accumulating DFS rate Accumulating DFS rate Accumulating DFS rate Accumulating DFS rate and compared by log-rank test. P<0.05 was considered significant. OS, overall survival.
blood circulation possibly due to tumor cell migration and invasion (24, 25) . Meanwhile, tissue biopsy, as a precise tool for diagnosis and tumor classification, still exists high risk of infection or haemorrhage by invasion, while the plasma sample, with non-invasions and easily obtained feature, is of more feasibility (26) . Thus, our study extracted the plasma sample, and evaluated the correlation between miR-34a/b/c expressions in plasma and tumor tissues. The results were shown that miR-34a and miR-34c in plasma were positively associated with that in tumor tissues. MiR-34a is sited in the second exon of a 33-kb transcript (EF570049), and has two promoter regions, including CpG island (CpGI) and p53-binding sites. Both of them downregulates miR-34 expression in cancers via hypermethylation or controlling the stem cell compartment to inhibit malignancy respectively (27) (28) (29) . Overexpression of miR-34a could contribute to tumor suppression via repressing human homolog of murine double minute 4 (HDM4) and p53 (30) . Upregulated miR-34a expression could inhibit c-MET and AXL by extracellular signal regulated kinase (ERK) and serine/threonine kinase (AKT) signalling activation, suppressing diffuse malignant peritoneal mesothelioma (DMPM) cells proliferation and invasion, thereby resulting in the inhibition of tumorigenesis and tumor growth (31) . Also, miR-34a could induce G1 cell cycle arrest, senescence and apoptosis to suppress tumor cells proliferation and promote differentiation, thereby repressing tumor growth and demonstrating the tumorsuppressive role (27) ; Furthermore, miR-34a overexpression Accumulating OS rate Accumulating OS rate Accumulating OS rate Accumulating OS rate Accumulating OS rate Accumulating OS rate could regulate the Snail1-mediated epithelial-mesenchymal transition (EMT) and the Notch signalling pathway to repress the migration and invasion of pancreatic cancer cells, thereby inhibiting tumor metastasis and pancreatic cancer progression (32) . In terms of NSCLC patients, miR-34 family could regulate platelet-derived growth factor receptor alpha and beta (PDGFR-α and PDGFR-β) to promote tumor necrosis factor ligand superfamily member 10 (TRAIL)-induced apoptosis and reduce invasiveness of lung cancer cells, thereby inhibiting the migratory and invasive capacity of NSCLC cells (15) . The results in our study were found that plasma miR34a expression was negatively associated with lymph node metastasis, This might arise from the inhibition of cell proliferation, invasion as well as migration by miR-34a through regulating several pathways (27, (30) (31) (32) . Previous study revealed that high miR-34a expression was associated with a lower risk of recurrence or death from breast cancer adjusted by multivariate analysis (33) . Analogously, the downregulation of tumor tissue miR-34a was correlated with the poor prognosis of hepatocellular carcinoma (34) . As for NSCLC, tumor tissue miR-34a was inversely correlated with recurrence-free survival (RFS) by regulation of c-MET and cyclin dependent kinase 6 (CDK 6) (35), while no similar study of plasma miR-34a in predicting prognosis of NSCLC is reported previously. Partially in line with this result, we found that miR-34a high expression was correlated with prolonged DFS and OS compared to low expression in this study, which partly resulted from its regulation of several pathways or genes, including c-MET and G1 phase regulators, to cause the inhibition of tumorigenesis and lymphatic invasion, thereby affecting recurrence of NSCLC patients (35) . In addition, miR-34a increases the sensitivity of chemotherapy and radiotherapy, decreasing recurrence of NSCLC patients (36, 37) . Subsequently, Cox regression analysis was performed to evaluate factors affecting DFS and OS in this study, we also observed that plasma miR-34a was correlated with prolonged DFS and OS in univariate Cox model, while it could not independently predict DFS and OS of NSCLC patients in multivariate Cox model. This might result from that plasma miR-34a expression was correlated with its tissue expression and lymph node metastasis that contribute to the prognosis of NSCLC, which was identified before. Thus, plasma miR-34a expression might be affected by both of them, thereby influencing the predictive value of miR-34a in NSCLC patients. Furthermore, owning to the less invasion and more feasibility, plasma miR-34a was still a valuable biomarker to predict the prognosis in NSCLC patients.
MiR-34b/c, frequently responding on CpGI, are associated with B-cell translocation gene 4 (BTG4) (27) . MiR-34c have been implicated to be a tumor suppressor of NSCLC via inhibiting pituitary adenylate cyclaseactivating polypeptide type 1 (PAC1)/mitogen-activated protein kinase (MAPK) pathway, or retraining eukaryotic translation initiation factor 4E (eIF4E) expression (38, 39) . Down-expression of miR-34c was observed in lung tumor compared with that in normal tissues, which is resulted from their resistance to NSCLC cells migration and invasiveness by downregulating plateletderived growth factor receptors (PDGFR-α/β) (15) . Furthermore, increased expression of tissue miR-34c expression was associated with distant metastases formation in lung adenocarcinoma (LAC) via promoting hypermethylation (40) . Similarly, our study observed that the plasma miR-34c high expression was correlated with prolonged DFS compared to low expression. The possible reasons might be the suppression of cells migration and invasiveness (15, 38) .
MiR-34b have been described to be epigenetically mediated in various cancer, such as colon cancer, head and neck cancer (41) . Nevertheless, no relationship of miR-34b with DFS and OS both in plasma and tumor tissue was discovered in the present study. Prior research indicated the mediation of PDGFR-α and PDGFR-β, targeted by miR-34a/c, but not on miR-34b (15) . Thus, one of the causes might be this.
Several limitations still existed in the present study. Firstly, the plasma miR-34 family expressions in healthy people were not assessed and compared with NSCLC patients, whereas many studies have reported decreased miR-34 expression in cancer patients compared with healthy controls group. Secondly, the detailed mechanism of miR-34 family in NSCLC was not analyzed. Thirdly, the analysis of lung cancer specific miRNAs was not explored, thus, further study about the investigation of lung cancer specific miRNAs in NSCLC patients is necessary. Finally, sample size was relatively small. The further study investigating the accurate mechanism of miR-34 family on the pathological process of NSCLC is needed.
In conclusion, circulating miR-34a and miR-34c might be served as novel prognostic biomarkers in NSCLC patients.
